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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECENICAL NOTE NO. 1131

THE EFFECT OF ENGIVE VARTABLES OF THE FREIGNITION-LIMITED
PERFORMANCE OF THREE FUELS

By Donald W. Male

SUMMARY

Freignition-limited performances data for S reference fuel,
diisobutylene, and benzens were obtgined with an engline-heated hot
smot on a supercharsed CFR engine at 11 sets of engine onerating
conditicne. Increases in ccunression ratio, spark advance, coolant
temperature, or inlet-air temnsrature decreased the preignition-
limited indicated mean offective pressure of all three fuels. Changes
in the engine sneed eitker raised or lowered tho preignition-limited
indicated mean effective pressure depending on the range of speed and
the mixture strength, At nenrly all of the operating conditions
investigated, the order of the fuels sccording to increasing
nreignition~limited performance was the seme, that is, diisobutylens,
benzens, and S reference fusel,

INTRODUCTION

In order to enhance the value of nrelgnition data obtained on
gmall-gcale engines, it is desirable to know bhow the preignition-
limited performances of seversal fuels vary (1) with dxfferent engine
conditions, (2) with different types of hot spot, and (3) with engine
desisgn. The investigations conducted on laboratory engines reported
in references 1 to 3 deal with the fundamental relations tnat govern
nreignition. Qther experimenta have been conducted with the aim of
predicting the preignition-limited performance of various fuel com-
pouents in the service esngins. The Shell 011 Company Wood River
Leboratories (unpublicked tests) bave obtained preignition-limited
performances deta on a full-scale single-cylinder Lycoming engine;
satigfactory mreignition-iimited verformance tests have bsen con-
ducted on a 17.5 engine by the Ethyl Corporation; »reignition tests
have been made at Cleveland on & CFR engine.
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In the present 1nvestigation preignition~limited performence
Adata were obtained for three fuels under several engine conditions
attained by varying individually compression ratio, spark sdvance,
coolant temperatuxe, inlet-alr temperature, and engine speod. The
purpose of the tests, which were conducted at the NACA Clevsland
laboratory from August to November 1944, was to determine whether
the three fuelg exhibit preignition tendencies in the same order over
a wide renge of engine conditions and, at the same time, to indicate
the effects of engine conditions on prelgnit on tendencles, Because
of ‘the nusber of testes involved, the investigation was limited to
the testing of S (S-3 and S-4) reference fuel, diisgobutylene, ard
benzene, which reprssent, resrectively, the parmffinic, the olefinic,
and thne aromatic groupgs of compounds.

AFPARATUS AWD TEST PROCEDURE

The tests were nerformod on a bigh-sneed supsrcharged CFR engine
coupled to & 25-horsepower, altermating~current, cradle~type induction
dynamopeter. The snglne waz equipped with an aluminum piston, s
sodium-cooled exheust valve, and a2 cylinder zead with four
1l8-millimeter spark-plug holes. Data obtained at Cleveland on e sim-
ilar setur have shown that tihe uge of a shrouded intake valve
decrezses the gensitivity of hoi~spot temmeratures to knock for hot
spots inmtalled in the same cylinder-nead location as these in the
gubject teats, A 180° shrouded intske valve (vogition of shroud shown
in fig. 1) was thereforo installed to aild in isolating the effects
of »reirmition from tne effests of lmock. A magnetostriction plckuwn
unit instelled in the Sov spark-plug hole was used in conjunction with
8 cathode~ray oscilioscope to follow the changing nressure diagram
during advancing prelisniticn and to dete L knock., The fuel flow was
detarmined with a rotameter and the air flow was metered throuzh
gtenderd orifices. All onerating temneratures were messured with
iron-constentan thermocounles and a salf-balancing potentiometer.

In the testa presented, each of the engine variables listed.
excert oil tempsrature was individuslly verled from the Ffollowing
reference englne conditions:

Compression Xabio & ¢ ¢ ¢ ¢ ¢ ¢ o v ¢ ¢ ¢ o o o o o o o o «» T.0

Engine 8pesd, rmm ., . . - s 4 e o o e e s e 4 o o s e « & 1200

Suark advarce, degrees B T. C. e ¢ » ¢ o &« 5 o st e s s 6 s e s s 2

Tnle‘(’-all‘ tel!lperd'tu.;‘e, 0}.? . * € . - . L] « e - & . . e e« e 62:
Coolant temperabure, F ¢ ¢ & v « v o o o « o o o o 4 o & o o 283
0il temmerature, OF o . ¢ v v v ¢ o o ¢ o o s o . o . 138 to 144
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The coolant temperature was varied by using three different coolants
in the evaporative coollng system: water, a mixture of water and
ethylene glycol, and ethylens glycol.

The data were obtained with three nearly ldentical hot spots
(fig. 2) designated in the dsta plotes J-1, J-3, end J-4, Hob
spot J-1 was used to cbtain the data in figure 3 and was damaged
before more tests were run. Hot spot J-3 was therafore used to
obtain the data in figures 4 and 5. The engine was then overhauled
(Oct. 18, 1£44) and a worn exhaust-valve guide replaced. This change
apparently affected the preignition-limited sericrmence of the engine
and hot svpot J-4 wasg therefore installed to correct for the sghift in
the dats indicated by teste with S-3 reference fuel, This hot spot
wag used to complete the program. The dats of each test and the hot
gpot umed are indicated on the Tlgures.

The hot-spot design (FTig. 2) provides for a short piece of
Inconel tubing open to the cylinder and silver-scldersd %o the center
elactrcde of a snark plug. The outside diameter of the tube is
0.10 inch and the wall thickmess is 0.01i0 inch. ZExperience has showm
that e hot spot of this tyre can be used z8 a rpreizgnition source for
e large number of engine hours without noticeable deterioration and
without a significant chiange in the heat range of the hot spot.
Furthiermore, the hot spots can be easily constructed and the desired
heat range can be readily attained by adjusting the length of the
tube. The hot spot under btest was installed in the cylinder as indi-
ceted In figure 1.

Under some conditions knock was encountered before preignition,
The data teken at these conditions wsre revertheless preignition-
limited even though light, medium, or heavy knock was encountered.
These concurrentiy knoclking preignition-iimited data ere marked on
the figures with a lstter K.

An attempt was made to tesht all thrse fuels at any glven set
of engine conditions on the same day; this procedure was not always
possible. When 2 days were requlred to ovtain the data for a given
gset of conditions, either & complete curve or check points fox
5-3 reference fuel were determined on each dsy.

RESULTS AND DISCUSSION

The vaelues of preignition-limited indicated mean effective
pressure, preignition-limited iniet-air pressure, and indicated gme-
cific fuel consumption for S-3 reference fusl, benzene, and diiso-
butylene obtained under the 1l sets of engine conditions ere shown
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in figures 3 to 7 as functions of percentege of stoichiametric mix-
ture ratio., Figure 3 presents data for three compression ratios
(5.0, 7.0, and 9.0); figure 4, data for three values of spark advance
(0%, 109, and 20° B.T.C.); figure 5, date for three inlet-air temper-
atures (150°, 225°, and 200° F); figure 6, date for three coolant
temperatures (208°, 250°, and 388° F); and figure 7, data for three
engine speeds (1200, 1800, and 2400 rpm). Engine conditions for =1l
tosts are listed in table I together with corresponding figure
numbers,

In figures 3(b) and 5(c) aifferent $S-3 reference-fuel curves are
nregented for benzene and diisobutylene because in these instances
the fuels were tested on 2 days end the two S-3 reference curves dld
not coincilde.

For the range of fuel-air retios from 90 to 145 percent of the
stoichiometric mixture retio, the three fuels rated in the same order
of incregsing preignition-limited indicated mean effective mressurs,
(diisobutylene, benzene, and S-3 reference fuel) for all of the engine
conditions except with the svark timing at top center (fig. 4(a)),
where benzene and S-3 reference fuel rated ebout esquslly.

The data in figures 2 to T Indicate also the effects of varylng
the five engine test varlables on the preignition-limited perform-
ence of the three fuels. In order to check these tiends, repeat runs
on S-4 reference fusl are precented in figurcs 8 to 12. (Bocause
the supply of 8-3 reference fuel was depleted, it was necessary to
use S-4 reference fuel for these tests.) The tests with S-4 refer-
ence fuel made et the refsrence engine conditions ars roplotted
together in flgure 13 to indicate the reproducibility of preignition-
limited performance from day to day. The spread of the data of the
seversl tests ig of the same magnitude as the sdread of lnock-limited
performance checks.

In order to show more clearly the effects of different eungine
conditions ou the prelgnition-limited performsnce of the three fuels,
cross plota of preignition-limited Indicated mean effective pressure
egainst each engine variabls are presented in figures 14 to 18. The
percentage of stoichiometric mixture ratio is shown parsmetrically
on tihe figures and the lesn-mixture curves are dashed for clarity.
In each cross plot the curves for benzene and dlisobutylene (from
figs. 3 to 7) compare data from 3 days' englne operation while the
curves for S-4 reference fusl (from figs. 8 to 12) compare data From
1 dary's operation.
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The curves in figure 14 indicate that an Increase in compres-
sion ratio caused s decrease in the preignition-~limited indicated
mean effective pressures for the three fuels of approximately 7 to
12 pounds per square inch per unit change in compression ratlo for
stoichiometric mixtures.

Pigure 15 ghowas that advancing ths snark timing lowered the
preignition-limited indicated mean effective pressures for the Tuels
approximately 0.5 pound to 4 pounds per squere inch per degree of
spark advance for stoichiometric mixbuires., The largs spread of
vaelues 1s due to the behavior of diisobubylene,, especially at o=
near the stoichiometric mixture ratio.

An increase in the inlet-air tempsrature (fig. 18) lowered the
preignition-limited indicated mean effective pressure for the fuels
apvroximetsely 0.1 to 0.3 pound per sguere inch per °F.

Figure 17 presents crosse plots of cooclant temperature with the
preignition~linited indicated mean effective pressures for the thres
fuels. Because the three coolanbs used have dlfferent thermal prop-
erties, the effect on the preignition~limited performances of the
fuels was not entirely due to differences in ccolant temperatuare;
water 1g known to have & higher over~-all hesb-transfer coefficlient
than ethylene glycol-water mixtures., The curves indicate thait an
increase in the coolaent tewmperature was accompanied by a decrease in
the preignition-limited indicated mean effective pressurss for the
three fusls.

The deta indicate that any change in englne conditions that
increases the compression ges tomperature or the hot-spot bemperaturs
will lower the preignition~limited performance. For exsmple, an
increase in the inlet-air temperature is eccompanied by increases in
both the compression gas temmerature snd the hot-svot temperature.,

In e similar menner, increases in compression ratio, spark advence,
or coolant temperature cause the prelgnition-limited performance
of a fuel to decrease as a resull -5f incressed compression gas tem-
perature, increased hot-~spot teunerature, or both.

The effect of engine spsed on the preignition-limited indicated
mean effective pressures of the three fusles is shown in figure 18.
The curves are all concave upward and for the stolchiometric mixtures
heve minimum points between 1500 and 2100 rum. The trends due to
chenges of engine speed. that are reported herein mey nct be repre=-
sentative of trends for engines of &ifferent design.
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Becauge the sets of engine condltions used in these tesls are
broad in scope, the conclusion is suggested thait the rating order
of different fuele is not, in genersl, altered by moderate changes
in engine conditions. It must be remembered, however, that the
three fuels tested may rerresent extremes of prelgnition-limited
verformaence with reapect to fuel composition. The task remeins of
correlating small-scale engine date with full-scele and service-
engine data before g valid preignition rating method can be estab-
lighed for small-scale englines,

The experience of the NACA Cleveland lsboratory has besen that
preignition-limited performance 1s affected to a much larger exbtent
by changes in engine and lhot-gpot desisn with regard to cooling than
by changes in fuel composgition. Most fuels can be made to preignite
by ueing = suitable hot spot, but surfece ignition does not occur in
en angine whose component parts ere sufficierntly cooled. The %zsk
of eliminstving preignition difficulties in serv.ce engines, thereiore,
will probatly be sccomplished by improved engine design rather than
by controlled fuel comnosition. Commounds causing low areiznition-
limited performances should, however, be avoided in fuel menufecturse.

SUMMARY OF RESULTS

The following results were obteined from preignition tests on
three fuels with = supercharged CFR ensine under 11 sebls of onerating
conditions attained by varying individually commressicn ratio, sperk
edvance, coolant temperature, inlet-alr temrerature, and engine apeed:

1. The order of the fuels, according to increasing preignition-
limited indicated mean effectlve pressure, at nearly all operating
conditions investigated was the sawe, that 1s, diiscbubtylene, bpencene,
and S reference fusl,

2. Increases in compression ratlo, spark advance, coolant tem-~
perature, or inlet-alr tempsrature decreased the vreignition-limited
indicated mean effective pressure of all three fuels. Chances in
engine speed elther raised or Yowered the preignition-limited indi-
cated mean effective pressure depending on the ransge of speed and
the mixbure strength.

Aircraft Engline Research Laboratory,
Natlional Advisory Commitiseo for Aercnautics,
Uleveland, Ohlo, February 3, 1945,
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TABLE I - ENGINE CONDITIONS AND CORRESPONDING FIGURE NUMBERS

i Engine conditions Figures
Com- [Sparkt [Inlet-|Cool-{Engine|S-3, |[S-4iRepro-iCross
Trea-| advanceair ant apesed |ben~ duci~ |plois
sion }(deg tem- jtem- |(rpm) |zeuns, bility|of S-4,
ratio|B.T.C.) |pera- |pere- and of benzens,
ture Ture diiso- data jand 4di-
(°Fy  1(°F) butyl- isobu-
exne tylene
5 2C 225 250 | 1800 | 3{a) 8 14
7 | (b) 8] 13 14
.3 (e) | = 14
7 0 228 250 | 1800 i 4(a) g 15
12 (v) 9 C15
G ()| 9] 13 | 15
T 120 150 250 | 1800 | 5{a) | 1C 118
§ 225 () | 10} 13 18
[ 00 (c) | 10 15
7 20 225 238 | 1800 ) €(a) | 11 17
' 250 (b)Y | 2 13 17
t 3688 (¢) | 11 17
b7 } z0 225 25¢ | 1200 | 7(a) | 12 13
1306 i (b) 127 13 18
; 2405 (c) } 12} 18

Naticnal Advisory Committee
for Aerongutics
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Figure 1, - Schematic dlagram of CFR cylinder showing positlon of spark plugs, hot spot, E
plckup, and shrouded intake valve, ’




Figure 2. - Sketch of open-tube hot spot used in tests.

7:1 Inconel tube

]

v
.-

Sllver solder

NAT IONAL ADYISORY
COMMITTEE FOR AERONAUTICS

B4

*GN N1 VOVN

lel!l




NACA TN No. 1|13t Fig. 3a
&0,

NAT'ONAL ADVI’ORY T TTTT |_1n EERRIBELELI ERRAE REAES RRRA ¥ LR '_'":
COMMITTEE FOR AERONAUTICS 3
i F 5
£ ¢ 5% \ £ ]
35F 4 5
ug & . '
e F ;»/ :
Hel
= . t N p/ 5
é; E \\ \-t—‘/( . ;
== - K\ 1=} v
M - .
B8 z0F o] h
° E N 3
b E e~ o1 ]
3 3
20 .
- ]
1.0F ]

TITY

1sfec, lb/hp-hr.
%
N

6 / _ A N
3 i ;
|- W Fuel Tate ]
ME : o s g-25=bl ]
b e o Be?zzene 8—22:&11»
L. & Diiscbutylene g=-25-Ll
1305_ ﬁ
S160F \ /
g F ‘ V. /o ;
por - / ]
giuof \L \ ?/ a o 3
A F \\ o /’ . 3
A : o '
2 F .
N N
Tk o— g of :
c - e 7 ]
g - N a 3
§1m= AL L] ]
- N
E N A 603
!O-"“ IWEE Likt 2y} [N R 11 L1 (AR EEEN NN NN AR NI A ECE NS NN AR Lll:
60 80 180

100 120 140 160
Percentage of stoichiometriec mixture ratis
(a) Compression ratio, 5.0,

Figure 5. - Preignition-limited verformance of S5=3 reference fuel, benzens, and diigobutylene
st three eogpruuon ratios, COFR engine; hot lgot, J=1: engine speed, 1800 rpm; spark
advance, 20° B3,7,0,; inlet=air temperature, 225° F; coolant tepperature, 250° F,



pressure, in, Hg abs,

Preignition-limited inlet-air

isfe¢, 1b/hp-hr

P, 1b/¢q in,

Preignition-limited ime

Fig. 3b NACA TN No. 113}

NATIONAL ADV ISORY IAR LA LAANY RO SAAA RRdhd REEAd AAAAd MR RAAN

50] COMMITTEE FOR AERONAUTICS . :
s 5
40? X\ b 5! E
E |\ A | §
305 \ \'\ /O ]
3 \3 Ne~ah 4" ]

: gx :
wf N 5| f
_
é ytr;%// Fuel Date g

; T o ; o s-3 g-23-li 3
n =] O Dilsobutylene  &-z3-Li J

I 4 3

! /
- ; ]
o / ]
E Y111/ E
o / i §
1 7 / §
220k L\ \\ Vi //
3 5 3
HERNEN /| ]
F T R / 3

: A 4 :
wof \‘K /)/
: T 603
(5] YUY TS I [WaNINEShE FEREY NBENS EYN] ISENENNENRESENISTINNICNNYIZANESINAENE BN NS ANINL EREY

&0 100 120 140 160 180 200
Percentage of stoichlometric mixturs ratio

(b) Compression ratio, 7.0.

Figure 3, = Continued,



NACA TN No. 131} Fig. 3b concl.

IRBRE SAREE EARAS RN RAREI BARL) B LEEE BEAERS REEEE LERAS

NATIONAL ADVISORY E
COMMITTEE FOR AERONAUTICS h
5 L 3
3: BN p :
24 E 4 3
el ;
L /,/ g :
d¢ E 3
5 E \E\\ /mf :
ég. 3 \u\\ﬁ_)
£

| : /
B E -
é E Lo
e F PP
B E .Q/’n/ |~ Fuel Date
400 .
N o 8-3 Ge2=llt
o O Benzene g-p=lily

180

[
2

\EESE LARAA BARES RANAEI RASRAI RAAS

5

N} 7

Prc%‘nlnon-u'glted ueg_, 1b/sq in,

\\ ,
\
\ res

AN WWEN) FTRTN KVRTY FANSE FENG) NSRS FRANY FERVNE SUTTY PRV PN SUTRI RS FRUTI FUWYS INRVY FUNTY STV Fewy ITwes '

T
3

NI SR I (NENICEU N RN RN EE NI NN ARSI SN/ NSV IENENIETEU O SN NER RENEE RN AN BN}

80 100 120 Ji0 160 180
Percentage of stoichlometric aixture ratio
(b) Concludea,
Figure 3, - Continusd,

s-ﬁ"' IIllsilli ""'8"" llllBII'U LAALAI
yd



Fig.

Preignition-limited inlet-alr
pressure, in. Hg abs,

isfe, 1b/hp~hr

1

o =

[

Preignition-limited imep, 1b/sq in.
[

: 60

3¢ NACA TN No. 113
i NAT'“N- mv. TTPT]oTTT LAAS RASAI SAANE AEEAL BARAS ALLES RALEE BRAR l'f'.
50 COMMITTEE FOR AERONAUTICS ' 3
! 5
E D\ ) i
TN — :
oF o .
3 ™~ ;
whE
: o 3
3 L~ 3
X <2 .
] /u/ — ]
- ] 3
é } /87 o o Fuel ) Z::u é
E -y — O Benzene 8~29=-i} ]
gof ¢ Diisobutylene 52844
3 X indicates knock (all peints
o preignition-limited) ]
6o {
: x ]
uof. / :
L / A - / 3
of A& Y/ / E
3 \> \x 7/ z E
3 f / E
(¢7e] = \ ,,//A///// Vi 3
R\ AN i s
o ° 3
60: \\ b /Jy / 3
- ,«/ E
C /O,/ E
3 =] E
5 3
3 _ 603
uo' TN NS TN AN S rd NN I AR NN AN NN SE NN SRR 1 EE NI HUEY) Ll 131111 ||]J:
1) 80 100 120 1Lo 160 180 200

Percentage of stoichiometric mixture ratio
(c) Compression retio, 9.0,
Figure 3, = Concluded,



NACA TN No. 131 Fig. 4a

7
NAT'O“AL ADV]SORY LB LR ey ISARIAARE] BERAS BARRS BALA] TTFT Trer LB RS
COMMITTEE FOR AERONAUTICS 3
s 3
5 F E
Eu- = W, 3
42 F 3
LM \ Lt :
L N =>4 ]
Eé o y \Bop ,.// E
L] o -
T A 5
LER > :
o0 - ) L
22 F \ e 3
%o‘ 3 b 4 3
& 3: \ ,o/c ]
E & 3
& o // 3
é E /n/n’ | o1 :
-]
et %_(/ ;
LI ] E
200k .
E /6 Fuel Date E
o o ]
3 o 83 9-19-4i J
o Zo/ C Benzene §=15=44 3
1g0L & Diis :'bugLane 91041
i R n R
S160F Vi ;
-l -
[: / 5
Zf . / z
o :
a3 E f{ 3
a 4
B1zof \ ]
iF ‘\ 4 ]
3 = =
£ F 3
= = -4
Kook 3
o o E
£t \ 4 ]
go: \& / - 3
c \// 3
< 8-6a
so:llll TR FEET ARl IS CREE NI NN NS SN I NNER SEEE] [GENTERENISUESIETUESNENS! |||l|||l\l:
60 80 100 120 1ko 160 180

Percemtage of stolchlometrie mixture ratioc
(a) Spark advance, 0° B,T.C.,
Figure 4, - Prelgnition-limited performance of $-3 reference fuel, benzene, and diisotutylene
with three spark advanoces. engine; hot spot, J-3; compression ratio, 7.0; engine speed,
1800 rpm; inlet-alr temperature, 225° f’; coolant temperature, 250° F,



Fig. 4b NACA TN No. 1131
“'—m LARAS ERARN RRANERZNRIRARRI RARES RAREY LAREE RARNS AEANS RAARS
COMMITTEE FOR AERONAUTICS :
4 :
£ 50 3 :
35 rd 3
v E <k, 6/ .
e o L~ k
b1 Facal 4 ]
J. F O, ]
5PNt / i
oa P ]
B'sof X\F //
£ C X /,0( ]
3 1 ]
E P 5
5 -~ ;
3 > -
; |~ b ]
g :_..ﬁ Iu'/o, ié/o Fuel Date :
o pie o 83 204t ]
- K 0 Benzene G20~ R4 -
A o5 o 1 & Dilgobutylene ge20-44} 3
F o .
P , 5
E /// ]
ek / [ :
o /g ]
2 % A / :
- (o) ]
H ¥ 5
Ik B 5
NI INEAY ]
~120| 3
i / =
§1ooE ]
&‘0 \ /o ]
3 Vi 3
F \ / ]
aof /9/ ]
5 ) "f) 3
E - 667
_m-lll NI NN TN TN AN NN SN AN NI E NN S I T BN U AN E NN NV I NANE A NSNS lILl:
60 80- 100 120 1ko 160 120 200

Percentn%e of stolohlometric mixture ratlio
L .

{b) Spark advance, 10 B,T
Figure 4, - Continued,



NACA TN No. 13| . Fig. 4c

LEEeS RRARE LAREE ANARS LA AARAE BARE TITHERT TIIv]T?s

: NATIONAL ADV!SORY 3

:_gg,Twr":: F cs 3

x ET y 3

z 0 uﬂ: \ o ya3 3
- 7

i€ E \ pd // 1

o . - -

35 30: \\C\ e o// / :

- NN > :

e - :

£ 2oF o1 ]

%“ “E AN B4 ;

lb : 0 3

1of

3 = 3

g F el />/ ;

8 3 D/‘ / 3

é :6 w;,/}/-\/ 3

- E ,D// é

; u:—-—’"/,aaﬁ&/‘vf/ Fuel Date

. o 53 : gm16=bk =

C O Benzene S~1g=Ul 3

1800 O Cilisobutylene G~16=ih 1

y 3

“F / % '

é E 4 9 3

= F 7 3

él““f . /Z £ ]

e_‘ E \: \ E

EF : 4 ]

AN\ ! 7 e

% 3 R i/ )4 ;

- = :

% 100k NREdy / 3

E1c>c>_ N . F ]

: E - 4 ]

A = \\ n ]

) : 3

E d\ ‘ v ]

- / ‘ :

oF o 3

60 %0 100 120 140 160 180 200 l 22'o| s

Percentage of stoichiometrie mixture ratlo
(c) Spark advance, 20° B.ftét &
Figure 4, - Concluded,



m
(o]

Preignition-limited inlet-air

isfo, 1b/hp=hr

Prelgnition-limited imep, 1b/sq in.

ba NACA TN No. 131

pressure, in, Hg abs,

AT IONAL SORY LARANARARERERRE RRRN) AARE) AARME RAREY LARSE RARNE RARE) T
COMMITTEE FOR AERONAUTICS ]
3 L ]
E o 7
lu': \ ,_/;; E
C L~ ;
E o> y ]
30 T :
5 =
L s -
JE 1 L
T k
Lo -
. 0
—M‘Eg ;%O’“/V Fuel Date
E - o s5-3 10-5-ltl .
3 O Benzene 10-5-kb ]
- O Diigobutylene 10=5=LL 3
18.:. E
F 3
Mn: / / :
E 417 ;
o ‘\ / 3
14of / A )/
5 VAR, 5
220F \ ‘-’)/ / ,./ ]
3 ANIPS - w4 5
= " .
o 7 o E
200F ‘\t\\ . > // ]
: 3 :
sof AN ,/ 3
5 N S ]
5 ==
so:lnll NS STETI SUNSH SUENI FANEE SN A SN NN AN ENRN) ENNT I EURYI NN RUN UGN SUNNI NS NN
0 140 160 180

100
Percentage of stoichiomstrie mixture ratio
(a) Inlet-alr temperature, 150° F,
Figure 5, - Preignition-limited performance of =3 reference ruel, benzene, snéd dilscbutylene at
three inlet-air temperatures. COFR engine; hot spot, J=3; comBression ratio, 7.0; englne speed,
1800 rpm; epark advance, 20° B,T.C.; coolant temperature, 250° F,



NACA TN No. 131 : Fig. 5b

3 NATIONAL ADVISORY LAAAJ AAAAS RARAS LA RAARS AR RARM SARNE RAE AR MARAF
- COMMITTEE FOR AERONAUTICS 3
F . 3
1] 3
4 < 3
- i ]
E;uoz N y;‘/o;/ /o/ E
k'l < E
28 E \c\ << - n/’( / ]
o Lo | o9 . 3
é %-30 : tk\ \tk, ’D’JJ ’CrSV 3
2s \\\ o~ 3
EE S~ E
1.0f
3 ’ - 3
b sk _ :
=1 3 L~ Lo 2
‘-o‘:ﬁ_ o’md/o/ — L 3
- o - ue ate 3
E n~—<’£r”°‘%” 0 s-3 10-2:3% E
" E ‘V‘& 3 gzz::ggtylene %8:2—“1» 3
. ;
160f [ ;
- 4 -
3 E \ /Y // E
(-4 -
Bl ; P/ 4 :
§ E 1N A / 5
%iwf &\ b / / E
- o N 5o 4 E
i E \ | o ﬁ}/ E
g E R\ Du//( /o E
-1100: ""'\_n}D/ /o 3
g F 5{ /‘,/ ]
i o :
sof \‘ ,/ -
E D\ _” ]
3 {I“/vl ' €03
Go:illl NNl ENEP I EEENIENEN I EEN N NN NS (I RS EENEE W) IR TN IS I N AN R EN lllr:.lll-'

60 40 100 120 Lo 160 180 200

?eroentage of stolchiocmetrie mixture ratic
(p) Inlet-air temperature, 225° F.
Figure 5, - COontinued.



Fig. bc NACA TN No. [13]
“AT'WAL ADVI’ORY IRERE AEEAR ARARA ERREI BSARI ARAME B A AREEE RENED LR IIIE
COMMITTEE FOR AERONAUTICS -
J: = :
?. & ;
© o k0 p
7 E i < :
- R e :
O \ )y 7 ]
8, F p ]
H"’o - /6 T
g - A F i
¢ o =
3o b N o :
al : 3
3 - :
H10 [.i .
& f // E
a E ﬂvx -
g W (Vér/ Fuel Date :
N e S Horione SN
- ne S0 ylene - E
un: b /"/ / :
160f /
] / ]
- y /| :
_émns /> ]
o 3 7/ E
E ; / / ]
8.!.21'.’: A g :
g 3 \ / ;
L od : 4 3
51005 \32 - /A/ E
i F o™ ]
EE T - 3
] 0 P §
E \ <] ]
601 . .
? i
“O- FEE NN TNI NSRRI NTENNANE TS INENE FSENE SUSN] ENER] RSN AN I BN R NI NN AN AN NN NI

60 80 100 120 140 160 180 200 220

Peroel})ta’ge of stolchiometric mixture ratio
.

(o) Inlet-sir temperature, 300/
Pmﬂ'e S5e = Continued,



NACA TN No. |1

31

Fig.

5¢c concl.

NATIONAL ADViISORY
COMMITTEE FOR AERONAUTICS

TITT[TV0IT

LR EAE LERS

TTIYI TS

IBEEE RRRRI

]

LLERE S

3

LARED ERARE RARRS

5

W
o

Preignition-limited inlet-air
pressure, in. Bz abs,

N

3
(o

R

1sfc, 1b/hp-hr

LR AARM AN BAAAS RANAARARAE RARRE RARRA RARRIRAARE RRERN RN

\
A\

Fuel
o S-3

a Benzene

Date

9-28-Lk
§-28-L4

200

180

e SN SN ENEN I SRE NSRRI FNAND NN AR FUNEE IR RA SRR S RUTE RO NI SNTSE SEN NI FNRN L STRENE N

B

-
§

8

Preignition-limited imep, 1lb/sq in.

8

T

y.

<

oo

%

o~

d

caans ARl RARRS RALED LRLAAI ILRARN RAREE RAEAR RARAE LARAI

(BN EEENE X

80

ISRl NS

Lilabtrltl

Lit sl Ll

INSPE NNV NI

LAl Ll

Lill

ARNNINEEN

Latd i daeaa baa s da e dat el R Ll iR ol tlygey

réo
Liteltry)

60 20

100

120

140

160

Percentage of stoichiometric mixture ratio

{c)} Concluded.

Figure 5. - Concluded.

180



Fig. 6a NACA TN No. 1131
m'ONAL ADVISOHY LE AR BAREE LEASRE RANE] AR ERER] BRARZ LAREE LARE: LA RR) llr‘lE
COMMI TTEE FOR AERONAUTICS ]
5 :
] = 9
¢ E , // 3
o o 3
Eéuo: \(\ ) | -
3 - 3
A I ]
LI -
19 F 3
58 3of ;
o : b
E:E - .
& E :
By 20: :
1.0 .
.k ]
» = 3
L oy E
i " /{U/ .
- . .
3 .6k /"‘U/ﬂ//c :
§k oL o] E
] o i :j%;étcf' 3
.M: el 3
F Fuel Date 3
d 0 83 10=30=l44 .
- O Benzene 10—§o-bh ]
0 E ¢ Diisobutylene 10=-350=L4 ]
“F X indicated knock (all points 3
o / preignition-limited) 3
150 F /,‘ .
. F 4 E
5160- A n/ / -
§ E / 3
> E g / .
S q\ 4 3 f/ 3
E t\ - 4 ;
E = \ ;})/9 3
it \ ' > ]
T120
é N \n\ 3
T 2 / 3
§ 3 \ 4 ]
100k '3 #,/“ .
[ ]
E S\ 3
C \\\ F-GO:
50;... YN FNEW unMun NS ISESEISNETT SRENEF ARDNI NERTINTRE AR TN FEANUE AN AN llll:
60 o] 100 120 140 160 180 200

Perocentage of stolchlometric nmixture ratio

(a) Coolant temperature, 2080 F,
Figure 6. - Preignition=1limited performance of S=3

reference fuel, tenzene,

hree coolant temperatures. CFR engine; hot spot, J-L; compression ratio
1800 rpr; spark advance, 20° B,T.C.; inlet-air temperature, 225° r,

and diliscbutylene at
s 7+0; engline speed,



NACA TN No. 1131 Fig. 6b
NAT1ONAL ADVISORY SRALY LALA) LALAL RALE] AARAI RAMS ALK RARA! RAMM MMM m';
COMMITTEE FOR AERONAUTICS .
505 3
4 3 ]
1LY o f
f;.i,wf \, A 2.4 5
3 e 3
§5' E [\ W,/ :
N - : k
s F P 9; ]
EE‘ E O—-01 'M :
& 3 /on/« .
s 2000 O 3
A = E
3 d ]
P Iﬁ' .
] e % ]
§ Es /u,/“ j/?
g ; —u—-ﬂ-ﬂ“ﬂ/:‘.;: /,:./ Fuel Date _E_
I S B e 3
3 o Diisobutylene 10-31-44 3
s K indicates knock (all points-:
- preignition-limited) E
1g0 [a2 / 3
e ;
160F :
: B VAV ° :
o o 3
:,;:*1405 :\ / # 0/ E
I 7 ;
o S O O g
1 3 \\R o1 o i E
F F T N A ;
£100F > .
& F ; : /o/ ]
EET N % 5
ok .
F S-6c3
&.lll SN IEE RN AR NI RSN TN ANV E NN I SRR AN frg it digd e gttty Ill-l

60 go 100 120 140 180 200

60
Percentage of stoichlometric mixture ratio
(b) Coolant temperature, 250°

Figure 6, -~ COontinued,



Fig. 6c¢c NACA TN No. 13|
LSRR ARAAAN RERRE RARES RASE: RRAAI RARES ANARS RAREE RARES RARRP
NAT 1ONAL ADV ISORY 3]
50 COMMITTEE FOR AERONAUTICS :
5 F o7 ]
gu;l&o: % A /9//1'(/ ,/ :
—a C i ]
E's C //;7/ 3
g - R /A(‘/(ﬁ(/ //9 3
LRy =\ /{?,D/ > ]
-~ - C b
g E 1\ g W :
58 F N —o (o] 5
e — :
3 [ ]
n%', F1.0 \'\V"‘Q’ 3
10
» ! ] 3
3 /6/4/5( |~ .
i P ;
3 o ’ 5
=T Y .
a‘ : /”IOK/O/[/"/ Fuel Date ]
I e 3 &2 ok
C enzene -1l .
E ) ,.au:-—ﬂ-"/,,«& ¢ Diisobutylene 11l-l-by -
C —Cmn. K indicates knock (all points
- preignition-limited) ]
16 : 2 // 1
F /‘*/ 3
o / ]
F 37/ /ﬂ E
3 y ]
1ho: /j /é ]
N ;
g F / / 3
S120f //f ;
L s f
Z1o0f| \i / &/ / 3
‘_‘100_ L7 / -
| o &:\ei ‘ ) :{/ ]
hH o ] - i :
é F %lx \{\\‘-_ rd 9// ]
": 80- ﬂ/ / ]
B C ~J—o1a ,{ 3
5 F \ N 3
A 3 Ko\ I LK 3
Ay o K 3
60 : \;‘g\ LI QV’// 3
E K
L 5-601
: INSFETEINENSI NSRS ITE NN A RN N BER! INFEEENEEE NN EE SRRV NEN] NS I EEEN I AN SRR AN |l|l:
"% &0 100 120 140 160 160 200

Percantgge of stolchlometric mixture ratilo

(o) Coolant temperature, 368° F,
Figure 6., ~ Concluded,



NACA TN No. 1131 Fig. 7a

LA BAS RBARE LARA NS Er SEEES RERAS RARED BEEEY RARAS LI
NATIONAL ADVISORY J
COMMITTEE FOR AERONAUTICS ]
5 OF \ ]
°) - ]
44 F \ \ //‘T 3
g o R 4 '
8. F ]
35 F ) AN Vi
g« F o\ T~ LY 3
1 - :
gk 30E pd
s a a t\\ 3
L :
A
@ = e RPN o ]
& T 3
m -
E ]
1.0F .
3 Lo~ 3
§ .8: e ]
) - E
~ F % ;
g -6f =a ]
- F /U 6/‘/ 1
E - % . ]
AE ' 3
3 3
E ]
o Fuel Date ]
3 o 8-3 10-2L-kL ]
g Benzene 10-2h=il ]
1s0f O Diisobutylene 10-2i~4L 1
- K indlcates knock (all points]
F preignition-limited) 3
; : K ¢ 3
d16ok =
g E xﬁl ]
s k ?% ]
Guob |1\ J :
fusof § :
-l ~ D -
L x 5 E
L %§\ ]
~120 S — .
CEIUL S -
5 F
5 r K .
EIOO o - 3
= 4 3
//}: 3
E \ o~ S~€03
go:nn aacals EERl N st D 1 NV ITTT FETTY SUN) YT SVET FYYTH IYES1 FYET] A I
€0 80 100 120 140 160 180 200

Peroecntage of stoilchiometric mixture ratio
(a) Engine gpeed, 1200 rpa,
Pigure 7, = Prelgnition-limited performance of 5~3 reference fuel, benzene, and diisobutylene at
three engine speeds. GFR engine; hot spot, J=U4; compression ratio, 7.0; spark advance, 20° B.T.C.;
inlet-air temperature, 225° F; coolant temperature, 250° F,



’

Fig. 7b NACA TN No. 1131

[ NATIOWAL ADVISORY

Y
COMMITTEE FOR AERONAUTICS

LARAS LAAAE ARAE ARRES RRAR] REASAN REANES LAREN RARRE ERERE & N

'ﬂ"l'l'?ﬂ'l""ﬂ'ﬂﬁvn
.y
\
N2

pressure, ;n. g abs,
TrﬂTn-r
W
k\

Preignition-limited inlet-air

5

NN TERN TRV PR

LAl g

i

A Fuel Date
0 S-3 10-25-44
=0 D Benzene 1o-zg-ku|.
© Diisscbutylene 10~25-L4

K indicates knock (all points
preignition=limited)

VA

1sfeo, lb/hp-hr

0
™~
™

Lll il e ko s lsastagsrszaaaling,

N
°
™.

(Y

imep, 1b/sq in,

-

£
71 F 7
A

1

ud

Preignition-1imited

N NI AT NN TR RS NCC N FEA U SVU SR EN N T

-
-
o
L
9 S=00
-
-

[, «TYNT FUTEY PRIV AVETNE IVETE FTTT BV TP PO (FERS SEENEIUNNEI SENSI NRET) ATATYI NENENS REUN] ENENR RSB,

a0 ? 100 ;.20 ‘oht ko 160 £ 180 200
eroentage of stoichiometric mixture ratio

{b) Engine speed, 1200 rpa,

Figure 7. - Continued,.



NACA TN No. 3, . Fig. 7¢

“A ' v' T r™ FTETTTTTY [ AR Es aza g rrrrTT™
COMMITTEE FoR AERONAUT 1CS

o | ’I [_]

P EL T 17 | A,/ I
L | | o]
T T

l\g

Preignition..
Presgure,

8 L

——
——
f——

. NN

g.s ol [

2 F ‘ fo ’

R = e T
) .:' l I < Diilohutxle.n.g 10-2 ;:
o /] ] |
' /| ] | ]

Siof | ] of [ 177 | ] ]

fET N A 4 | N

aof | [N A T T 7T T [ ]

R\ | II nE

:wg |- |/ E

?if 4</§‘

it

0/

éok

S~601
Lily

o .

kbl a1 bbbl 2l 241 bttt 13 bolek bl 3 84 ¢ AT CNYY 1i211 1t
% e 120 1o 160 180

{c) Engine “:'nggohce of stolchiometr

Figure 7, -qéoneiua.d, Tra,

ic mixture ratio



Fig. 8 . NACA TN No.. 1131
60 TITTTTITTrT
. NAT'WALADV'SORY 1IRA0 R AREALE REREE) ARAR] Al Lk :

COMMITTEE FOR AERONAUTICS ]

?;'; 505 y -

g‘ﬁ F \ / 3
# F

§. 3 // 3

25 Lot y. Z ]

3T F N 'z ]
@ C b

g5 \. . A /] :

¢ k / .

35 ‘ o

o o ]

& - | 21 :

: o ]
20: ]
sk ]

b -

- -4

e 7]

9 / :

B .ok )l P -
o o _/ 4
e .k ]
a L o Compression Date ]

- ratlo p

3 " 5.0 11-10=344 E

. > 7.0 11-9-i 1
2k > 7.0 11-10-44 .

E v 2.0 11-10=hi E
200 K indicates knock (all points J

E preignition-limited) :

u /

3 /" :
1%L .
. C X 3

8 E A 3
g .

F160f T :
E a \ 7/ = ]
Evm: X a/ ]
7 F I r( 3
if ™ .
é = N S > / 3
3 120 fmed) .

- X 3

& E X /gr 3
< o ]
& = N X R ]
100 ‘/ :

s X ]

E \3 x// ]

. N K 607
[.{s] s ANV FURNY FTTY AN INEEA EUENE NN ENAVINNEN] FNN! BN URNNEENETIEBUS I FENNS NFAS] (AN ANEN)
60 &0 100 120 140 160 180

!1%;;«

Percentage of stoichiometrio mixture ratio

&. = Preignition-limited performance of S-4
engine; hot spot, J-l; engine speed, 1800 rpm; spa-k sdvance, 20°

temperature, 225° F; coolant temperature, 250° F,

B.TeCs;

reference fuel at three compression ratlics,

inlet-air



) NACA TN No. 113] Fig-
NAT'ONAL ADV'SORY LB KR LR AL 1100 L LBLEL LI LI LBLLRJ Try LA TeTa LELALIES lll:
COMMITTEE FOR AERONAUTICS .
= - ]
: z
? 3 \ p’ ]
g sof "
] - -
g L3 : E
8 F ,/ h
as ]
1 2 i
38 F Za 3
EE sof ]

2of 5

- e :
) A OSE ,{ E
: e :
= 3 3
S 4F - Spark ad 3
E ¢ 3 1()::5 g.'}.‘,?g?g Date E
E a 0 13=9-lk 5
F > 10 11-3-uu 3

5 v 20 11-5-44 3

'2 -

3 X indicates knock (all pelnts 3

200 - preignition-limited) ]

E 3 ’t / 3

S1sof \<‘f\ X A {/! =

(-2 - =

@ o (N X 3

3'150: ) K 3

5F J?. ;]

é:.ln:“. .

g E X 5 3

) %:Lec: Vi 3
&F / ]

L 3

. 3 —¥ 69
l";lll NI NEENE NN EE NS TR SuwNS el atedt (IERE NI AN AR RS NN IENEN A NEEN) RN UEEN] ||J:

(%) 20 100 10 140 160

Pereontage of stoichiometric mixture ratio
l‘lgﬁe G = Preignition—iﬁnited performanca of S=
[}

ngine; hot spot,

temperature, 2259 F; coolant temperature, 250° F,

reference fuel with three spark advances,
; ocompression ratio, 7.0; engine speed, 1800 rpm; inlet-air

9



Fig.'

Prelgnition-limited inlet-alr

10 NACA TN No. 1131
“Ar'wAL wv‘“w TelT TTtT TTTT L | T LIERLN BEERAER RARRI BB EE LRERI IIWT-:
COMMITTEE FOR AERONAUTICS -
50 Z -
. E \\\ A// E
fob 1 W % '
o - L
[ A ot
é“uo_ \ 7 f
§ \ :
g F 2 ]
530k .
] 3
o - B
5 F
20 ]
; ]
: ]
Fafl 3
s :.6 3
é ; ]
5 E :
~ E tInlat-air
N eratur ]
‘_: "] 4 emf"r) ¢ Date ]
-l o -
F 4 150 11-7«~bL k
- - D> 225 11-;-!& ]
F v 300 11-7-84 ]
200fa2. " K indicates knock (all points .
- l{f preignitipon-limited) ]
: 3
1800 r[/ ]
X ]
. o X
g o Y, A P
. VAVAV: :
> 160k X .
219 7 7 ;
s X - /A 2 ]
3 7 .
- F x\ /
9 1bof K
R AN AN
4 o 7 B ..
é F A jt’ //r 3
4120k X, K / ¥/ 3
N ‘ ]
3 k -y ]
: ) b :
100: 3 'ﬂf 3
F 607
so'nlll IENS I NI NETSIENE TR I NEE NS WE AW B LEEETE SN EE P U FULENENI N AR WL [ | J_l_l1ll
60 &80 100 120 1o 160

Percentage of atolchiometric mixture ratio

Figure 10, - Preignition-limited performance of S-M reference fuel at three inl
t=-al &
Egg §n§12e; hot1ap2t: J=4; compression ratlo, 7.0; engine speed. 1800 rr-: sr?rk n:-E?EEer tures.



NACA TN No. 1131 Eig. 11
NAT'mAL le““ TITTRTAdT LELALEL) LABLE] ARLREL 2 RBR] LARRIJ Tery LARSE BRAR lll'E
COMMITTEE FOR AUTIQ :
50 ;
; ZiAD i
§§ ko (W AN \\ £ :
Eéf \K\ L/ ]
34 “T> = -
4 > < =
o
«8
3 /'

o6

“ isfc, 1b/bp-hr

LA LALAS RAALI RAAMI AL RAAM RAAAIRAALS RAAMI RASAS RAAAS RAR RS AN RS RAAND AR RS RARRR RARZAGRAZIRARGE AARA!

o v o :

Coolant 3

temperature E

200 ?°P) Date k

a 208 11-6-Lb :

> azo 11-6-4lL :

xf/ L4 369 11-6-44 3

1% K indicates knock (all points 1

. / preignition-limited) 3

L} X/ 3

E h’/ 4 3

A160 2 £ -

g E / / 3

5 - / 4 I

%ok ) 4 .

ot b & -

3 N WA WV E

LI 5

S120k .

E s} _;J/ xy ]

E |« A ol E

100F /] E

E 1S4 3

E )/ 3

E *Y ” i

soﬁnll N I I Iy TN N I NI TN SRS AN I NN SR TP RN E NP ENI TN FENE] NEN Lilt lnl..lhl-l
60 80 100 120 ko 160 1%

Percentage of stoichlometric mixture ratic

Figure 11, = Proignition—l&nited perforuance of S-4 reference fuel at three coolant temperatures,
?og enﬁine; hot spot, J=H; compression ratlo, 7.0; engine speed, 1800 rpm; spark advance,
BeT:40s; inlet-air temperature, 225° F.



Fig,

12

NACA TN No.

1131

NATIONAL ADY|SORY
COMMITTEE FOR AERONAUTICS

LIRELA

TTEY

LIRS

BB LEEEE LREAL BAAEE RARR] LASE BULER

TriT

wm
(=]

N

V.

=

"4

ST IUNERE FUTNI SRR UL PR

W
Q

Preignition-limited inlet-air
pressure, in. Hg abs,
5

ITEEN TSRS FERTT

LALE RERRE RAREEAREAS AREEE BRE NI

A\

N

RAARS BAEAI RARES RARE]

Eng%ne gpeed

rpr Date

1lellall
1800 11-1h=bl
ehoo 11-14=bb

K indicatea knock {(all pointe
preignition-limited)

o

I d
9

1200

180

&b/sq in.
ON
e

airhisap e de e teRaa s Rasaqlaaerstossadervelecsus SSENITES TN AN FO Y

1.1:..ed imep,
1

Ld,

e

[™)
n
O

NEZi

ISNEEBENE]

Preignition-1im

VS EAALRE MRS RALE RARA BARAZ LAREE BARA]

AN EEYI NS AN NN AN AN

Li L LA Ll 1]

LLLL

IEEEP ISR NI BFENINNETE SR EN] EUNN]

S~-6Q

|5 X

loo

o
o

Figure 12, -
CFR engine; hot apot, J-4; compression ratio, 7.0

80 100 120

1o

Percentage of stolchiometric mixtweé ratio

160

temperature, 225° F; coolant temperature, 250° F,

reignition-limited performance of S-4 reference fuel at three ergine speeds,
; spark advance, 20° B,T.C,; inlet-air



NATIONAL ADYISORY
COMMITTEE FOR AEROMAUTICS

| BLEE L) YTy LA RS LALLM )

Tryy

TTYyprTygy

LIL B At J

2 a g B

L] Trvey

aal 2l a2y

&

LR B

Y

L]

Pre&gnition—l'i_r.nited imeE., 1b/sq 1{1‘.

g2 deded b L 4 0 0 8 b A add a8 0 2

4o | / Date
: é O 11-6-4y
[ d 1l=-7=U4
X Q 11-9-44
- Q li-10-L4
20 0 1)=1h-l} p
E 3-60]
lmeonnn n.-nnsonl_nn .llmSI.. .llllleolll 11*0 160 )
Percentage of stolchiometric mixture ratio
Figure 13, - Reproducibility of preignition-llmited 1ndicated mean effective prasgure
from day to day for S5-I reference fuel at the reference engine conditions. CFR englne;
hot spot, J-d; compression ratio, 7.0; engine gpeed, 1800 rpm; spark advance, 200 B.T.C,;

inlet-air temperature, 225° F; coolant temperature, 2500 F,

"ON N1 ¥OVN

1<l

'B!d

€




Fig. 14 NACA TN No. 113]

"' ¥ L) LALIEJ LAREE REBRAI LRAAN BB LRI Ty LR B LEALE REALES LA N3 LAALE RARL]
= NAT 1ONAL ADV 1SORY
360 F ~] < 1TIEE FOR AERONAUTICS
E \\ N
3 C 4 3 o
o i N ‘\\\\sﬂoichuometr miRture 3
E \ \ \ TR E
o : \\2\ N ]
3 \ 3
120F < < \\ .
E \ < \‘ \\ ko 3
g \ .
200f * \\‘\\- \\‘\ B \%ﬂg :
3 J 3 0 3
= . ‘\ \\ \ \\ 3
= 130 ~ ™ N N c
eof PRI Y DN E
: ~d ] ] ~ 160 E
3 S N 3
éofa0 TSN o 5
; {a) Difsobytylene. = 3
= N 3
g’ - \ =
2 S '
- - B \ E
a u —go— — Ny =
e‘ E \‘ \ 1b0 ]
s 3
-t ny N E—
- — \ e
E - 1 S < . k5 3
- - 150 3
i pa N =N ]
§ E SRl S N 1o E
5 E
e - ;% \\ 3
§ E 40 ’Nm"\i ﬁgo 3
E s {b) Berlzend, E
18062 E
F —_— léich mixguru 3
160F --=---~— Lean mixtures 4
3 g0 ] E
1ok R M ‘\\\\k \\ 3
- =~ 1 .
3 1do~ | T~ e \\ \ 3
F e T E
- ﬂh“\\ N\”ts\‘ \\\ 150 3
\\\ -
3 S \\\\ \\ 1bo 3
E <d oL~ N -
" 3 \\\\ N \ \ o E
3 < .
E RN 1po 3
E () 84 rotere:‘ee fuel BENE o 3
= .”..“..“..“..“..“..“..“..“..“..“fh...“..“..“..“..u..u..n.fﬁﬁfﬂﬂ
5 3 7 [] 9

Compression ratlo

Pigure 14, = Effect of compressicn ratio on the prelgnition=-limited indl
ted -
ﬂ:e pressures for dnsog:tylene , benzene, andps-tg:ererence ruel, arg:geplu;:urlr:;fce

figures % and 8,.



NACA TN No. 13}

Prelgnition-limited imep, 1b/sq 1n,

180

1260

o

100

Fig.

t5

,.:rrll LALL . L AALERAEAAS AR RAALE RARLE LR AAARS RAREI LAALE RAR ] NA;?TONAL W
N\ COMMITTEE FOR AERONAUTICS
= IND ;
3 3
E N\ ero taqe of F
N ol strijc mixture 3
= ‘% G3C E
E sh N ~ T ]
3 \ R G ? \\ 3
N, AN B P, O ~ h7o 3
§“~s E
oD\ 3
- [3 E
N = 5 i E
N b~ huo 3
lqou.\.-"-—& \‘ ‘1 = 30 g

— - 20

(a)| Ditjeotnityrdne. = Em

,E.E,Eg
3

SN N a
E \\‘ ) é
C h E
R PO AN 3
E NN E
3 \\ \ ]
< N E
" ™ :
E | (b)} Berszend. 3
200 E-£0 3
3 N E
- TN -
E % E
180k IS 3
3 ~N ~{ E
E NG Rich mixtures z
1605 k = —=—- Lean mlxtures E
o 3
a4oF ]
3 E
3 ;
120 = \\} -
- ¥ - 3
(o)}l 5= refjererjce fuel N\ 00 60 3

1“ 2l a2l il Ak eI PENINENRE TSN [ETSNNEY 2421 II—LI I TS ENWET) IS ENNSUNEINSNNTN] ISNSNN]

5 10 15 20
Spark advance, deg B.T.C.
Figure 15, = Effect of spark advance on the preignition-limited indicated mean effectlive

ssures for dilsobutylene, benzens,
‘M 9.0

and S«ii reference fuel, Cross plot from figures



Fig. 16 NACA TN No. 1131

LA REARN ERARE LARA AL X LEAS AR 0N hERE! ARl LANAFBARLY ST BERRE BEA R §

2hof \\ COMMITTEE FOR AEROHAUT‘CS-
~ [~ ]
120f < T N Pefcenftagd of 3
E e " B stpichiloneftrid miNturd E
- - T — 10 4
3 \\ .\‘~ P~ \\ 3
loof = ——y T ~] .
3 T~ N [~~~ ~ 1f70 ]
- — e~ -
sof P = I e O B o N I 3

N - -_— — - -
3 * Y oy .hh\ S~ 0 3
: - T S s =1 E
- “‘-‘\‘h‘%\ 1bo 3
50: 'ﬂ%;: X0 E
E (a) Ditfsobtyldqne. E
yoF 80 :
. \ -
K 3 1
- 360 \\ 3
- = — -
D.: -; uO \\ 1po E
: E:.zo B ) 3
L . 1o

' 5
5 = T —— 3
g Pao = S — 2o ]
% E S — E
2 E — 2 :
[ - =
& - \\.} 0 ]
F (b] Bajzeng. 3
200 7]
180: - Rich mixtures 3
- ~===== Lean mixturaes E
= N 3
- o~<1_ \\ 3
160 S —_— .
E s i \\ 3
ok ii;.~1z- -.~§:-:-..~:: - 3
= P -\‘;N 3
3 - = 3 E
120F R “Sap- 150 3
\‘Qﬂé\t\?\\ 3
3 — "~ 3
100F R E
f—
3 (o) 5% referchoe fuell. s~ ,.-.-.-q
PRy 2224 bk 22l a2 2l g2, e ad a4 2 2222 ITETE FERWY AdAl . LFial At asialasielaasse
150 175 200 225 250 275

4
Inlet-air temperature, OF

Pigure 16, - Effect of inlet-air temperature on thengr;iﬁnition-lmited indicated mean
effective pressures for 8iisobutylene, benzene, a rafersnce fuel. Cross plot
from figures 5 and 10,



NACA TN No. 113] Fig. 17

:r'l S R Trys LR A RALRR] LEAES LA EARL] 123 A3 RAALAE RARRI LR LA J -Il LR AJ LEAZ RARAS L 4 LARAE 22N "'E
160 £
3 Cd ‘\\\ Perpentage Pl ;
%o N, . stolchﬂ.ame%tc Eixture 3
1 : \ ;.‘ Ca.d -
E \\\\ \\\‘~\‘ 3
F ) \ [t 1
- AY 9
120 F > I Q 3
3 N :
3 ‘ ™ i 3
100 : 90 N — \\ T~ P \ 9
3 LN S -1 =
- 1003 N >a \t Y 3
& 2 ‘*\\\\<.:§§ ::T:\\"\\\\~ :
E \\\ N \P 1 E
oF NS
£ | (a)] DiglsorftyLdne. .\"‘::::E } 3
i *F '
4 3 ~ 3
E E 90\‘ \\ \ f
> 3 N S E
§ F 1003 '\‘\\\ = 1Efb
; 3 s S~ :
3 -*“T INR T wb a
- ~ -
i E SR N ~ ., E
o l R N Pl
‘1 = =~ .:',h\._l: 130 -
E, E (b] Bejzeng. TS 110 E
ano 3 C E
180 3 ~———— Rich mixtures 3
3 _\ \ ~-—— ~— Lean mixtureg 3
160 E k E
3 90 3
] NANEA 1 T3
= \ {1 SORY 3
sio E Ry NUENEAN COMMITTEE FOR AERONAUTICS 3
E W N N 3
= N [~ 1%0 F
3 S N - E
120 3 - N —+ 4 ]
E__ Ne—he } E
= < T E
100 E SRR T 3t 3
E SN . :
E (eP r erTlca tue). - 'ﬁ- 3. 110 ;
) ~. 1T .
80 s 2ol B asy 223 ') 2222 324,31 2803,0 322203222 Lol h d s 220l aa IEEES YU N1 ISR 22 gl aasdt el ol gataclisety
200 350 400

300
Oog‘{gnt temperature, °F
Figure 17, - Effect of coolant temperature on the preignition-limited indicated mean
effective pressures for &iisobutylene, benzene, and 3=l reference fuel, Croes plot
froo figures 6 and 11,



Fig.

Preignition-limited imep, 1bysq in.

ko

120

100

180

160

140

120

100

8

NACA TN No.

1131

[ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

LA R NERNNE AR

1A R 21 ELARE RARLAS

TTET

AR DRER R ERANRE R RN RANSELAE]

8%

Pepce afa
b chfi cmetri
b1}

of

mi

.
wur

agaslaze £

a)

¥ E

N L~ :
=~ 70 3
—— // 'L’ ;
N — 150 3
S0~ ]
10%;2; = . a
— e ———— rid -

= —= 8 =

£

mpu lllllllll LR LA R ML R A A N AR AR RS AN RASARRRER)

NNRAN
N 4o
190 2R \\
\ P—) . | ~ ]30

Figure 18, = Effect of

ressure
? and 12

s for diisobu

Engine speed, rpm
speed on the preignition-limited indicated mean effective
refarence Tuel,

engine
t;gene,

engene, and

: E
- .
: S = :
- ~ -4
=21 s P —— 20 3
- o ~—= -ﬂ 10 e
3 ]
E . J(b) [Bengene 3
E Rich mixtures 3
- ————~ — Lean mixtures 3
= T =
E L1 3
E 11 3
|t =3

J/".” ]

3  T——"130 E
3 - 120 E
= J'0*——.--?:T"—=— 4
3 S~ N s e = = 5 L E
- D ]
\\\_ | 1~ 100 3

3 E
F [(c)[8=l|refprenpe fhel. . v €3

1200 1500 1800 2100 2400

Cross plot from figures



